In Poincaré gauge theory of gravity, which has been formulated on the basis of principal fiber bundle over the space-time manifold having the covering group of the proper orthochronous Poincaré group as the structure group, we examine the tensorial properties of dynamical energy-momentum density G T k µ and the "spin" angular momentum density G S kl µ of the gravitational field. They are both space-time vector densities, and transform as tensors under global SL(2, C)-transformations. Under local internal translation, G T k µ is invariant, while G S kl µ transforms inhomogeneously. Dynamical energy-momentum density M T k µ and the "spin" angular momentum density M S kl µ of the matter field are also examined, and they are known to be space-time vector densities and to obey tensorial transformation rules under internal Poincaré gauge transformations. Corresponding discussions in extended new general relativity which is obtained as a teleparallel limit of Poincaré gauge theory are also given, and energy-momentum and "spin" angular momentum densities are known to be well behaved. Namely, they are all space-time vector densities, etc. In both theories, integrations of these densities on a space-like surface give the total energy-momentum and total (=spin+orbital) angular momentum for asymptotically flat space-time. The tensorial properties of canonical energy-momentum and "extended orbital angular momentum" densities are also examined.
I. INTRODUCTION
The energy-momentum and angular momentum play central roles in modern theoretical physics. The conservations of these are related to the homogeneity and isotropy of spacetime, respectively. Also, local objects such as energy-momentum and angular momentum densities are well defined if the gravitational field does not take part in.
In general relativity, however, the energy-momentum and angular momentum densities of the gravitational field so far proposed are not space-time tensor densities. Rather, it is usually asserted [1] that well-behaved energy-momentum and angular momentum densities cannot be defined for the gravitational field. While, total energy-momentum and total angular momentum are defined well for asymptotically flat space-time.
In Poincaré gauge theory of gravity (P.G.T.) [2] , which has been formulated on the basis of principal fiber bundle over the space-time manifold having the covering group of the proper orthochronous Poincaré group as the structure group, we have defined dynamical energymomentum and "spin" angular momentum densities. For the asymptotically flat space-time, the integration of the dynamical energy-momentum density over space-like surface σ is the generator of internal translation and gives the total energy-momentum of the system. Also, the integration of "spin" angular momentum density over σ is the generator of internal SL(2, C)-transformations and gives the total (=spin+orbital) angular momentum [3] , when the Higgs-type field ψ k is chosen to be ψ k = e [4] [5] [6] . In extended new general relativity (E.N.G.R.) which is obtained as a teleparallel limit ofP.G.T., corresponding results have been obtained [7] .
The purpose of this paper is to examine, both inP.G.T. and in E.N.G.R., the transformation properties of the dynamical energy-momentum densities, "spin" angular momentum densities, canonical energy-momentum densities and "extended orbital angular momentum" densities under general coordinate transformations and under Poincaré gauge transformations [8] . The main result is that all the dynamical energy-momentum densities and "spin" angular momentum densities in these theories are true space-time vector densities.
II. POINCARÉ GAUGE THEORY
A. Outline of the theorȳ P.G.T. is formulated on the basis of the principal fiber bundle P over the space-time M possessing the covering groupP 0 of the proper orthochronous Poincaré group as the structure group. The space-time is assumed to be a noncompact four dimensional differentiable manifold having a countable base. The bundle P admits a connection Γ, whose translational and rotational parts of the coefficients will be written as A 
under the Poincaré gauge transformation
Here, Λ is the covering map from SL(2, C) to the proper orthochronous Lorentz group, and ρ stands for the representation of the Poincaré group to which the field φ A is belonging. Also, σ and σ ′ stand for local cross sections of P. Dual components e 
and these transform according as 4) under the transformation (2.2). Also, they are related to the metric g µν dx µ ⊗ dx ν of M through the relation
There is a 2 to 1 bundle homomorphism F from P to affine frame bundle A(M) over M, and an extended spinor structure and a spinor structure exist associated with it [12] . The space-time M is orientable, which follows from its assumed noncompactness and from the fact that M has a spinor structure.
The affine frame bundle A(M) admits a connection Γ A . The T 4 -part Γ 
and we have the relation
The field strengths T k µν and R kl µν are both invariant under internal translations. The torsion is given by 9) and the T 4 -and GL(4, R)-parts of the curvature are given by
respectively. Also, we have
which follow from Eq.(2.6).
The covariant derivative of the matter field φ takes the form
Here, M kl and P k are representation matrices of the standard basis of the groupP 0 :
The matrix P k represents the intrinsic energy-momentum of the field φ A [12], and it is vanishing for all the observed fields.
satisfies the requirement ofP 0 gauge invariance. Here, L M is the Lagrangian of the matter field φ = {φ A } andL G is the Lagrangian of the gauge potentials given bȳ
) and d are all real constants, t klm , v k and a k are the irreducible components of the field strength T klm , and A klmn , B klmn , C klmn , E kl , I kl and R are the irreducible components of the field strength R klmn . Their definitions are enumerated in Appendix A. The gravitational Lagrangian densityL G agrees with that in Poincaré gauge theory (P.G.T.) [14] , and hence gravitational field equations inP.G.T. take the same forms as those in P.G.T. [15] .
In Refs. [4] [5] [6] , we have used in place ofL G ,
where we have defined
In order to get conserved generators, the Lagrangian density
, which leads to same field equations asL does, has been employed.
Let us consider Poincaré gauge transformations (2.2) with infinitesimal functions t k and and with a ∈ SL(2, C) such that Λ(a) are represented as
with infinitesimal functions ω kl = −ω lk . Also, we consider the infinitesimal coordinate transformations
with ǫ µ being infinitesimal functions. Under the product transformations of (2.22) and of (2.23), the fundamental fields ψ k , A 
We see that L is invariant under the product transformations of (2.22) with constant ω kl and (2.23), but it violates local SL(2, C) invariance. In considering energy-momentum and angular momentum, there are two possibilities in choosing the set of independent field variables [4] [5] [6] , one is to choose the set {ψ k , A 
follow, where we have defined
40)
The energy-momentum density tot T k µ and the "spin" angular momentum density tot S kl µ are expressed as follows: (ii)
which are the differential conservation laws of the dynamical energy-momentum and of the "spin" angular momentum, respectively. These (i) and (ii) follow from Eqs.(2.27), (2.30) and (2.32). Equations (2.33) and (2.42) lead to In Refs. [4] [5] [6] , we have examined the integrations of tot T k µ , tot S kl µ ,T µ ν andM λ µν for asymptotically flat space-time by choosing ψ k as 
50)
where dσ µ denotes the surface element on a space-like surface σ. Also, we have defined
56)
Actually, Eq.(2.50) has been obtained without using Eq.(2.49), but it is crucial in obtaining the expressions (2.51) ∼ (2.53). Also, the expression of θ λν agrees with that of the symmetric energy-momentum density proposed by Landau-Lifshitz in general relativity.
The dynamical energy-momentum M k is the generator of internal translations and the total energy-momentum of the system. The "spin" angular momentum S kl is the generator of internal SL(2, C)-transformations and the total (=spin+orbital) angular momentum of the system. The canonical energy-momentum M c µ and the "extended orbital angular momentum" L µ ν are the generators of coordinate translations and of coordinate GL(4, R)-transformations, respectively [6, 16] .
The following is worth emphasizing: The total energy-momentum and the total angular momentum are the generators of internal Poincaré transformations, and the generators of coordinate transformations are vanishing and trivial.
B. Transformation properties of energy-momentum and angular momentum densities
We define densities
The densities G T k µ and M T k µ are the dynamical energy-momentum densities of the gravitational field and of the matter field φ A , respectively, while G S kl µ and M S kl µ are "spin" angular momentum densities of the gravitational and the matter fields, respectively. There are the relations
Under the product transformations of (2.22) and (2.23), the densities
which are the canonical energy-momentum densities of the gravitational field and of the matter field, respectively. Also, we define
which are the "extended orbital angular momentum" densities of the gravitational field and of the matter field, respectively. There are the relations
The densities
GM λ µν and MM λ µν transform according as 
respectively. Since L R = 0 = aR, the gravitational Lagrangian density L G is reduced to L G = L T , which agrees with the gravitational Lagrangian density in new general relativity (N.G.R.) [17, 18] . Thus, the gravitational field equations in E.N.G.R. take the same forms as those in N.G.R.
As is the case of the Lagrangian density In the case of E.N.G.R., the energy-momentum and "spin" angular momentum densities 
IV. SUMMARY AND DISCUSSIONS
We have examined the transformations properties of energy-momentum densities and of angular momentum densities both inP.G.T. and in E.N.G.R.
Results can be summarized as follows:
space-time, the spin angular momentum and orbital angular momentum are both divergent, and the total angular momentum is obtainable only as the sum of spin and orbital angular momenta. Thus, the total energy-momentum and the total angular momentum cannot be defined independently of the coordinate system employed, because both of the canonical energy-momentum and orbital angular momentum densities are not tensor densities.
{2}
In E.N.G.R., we can choose {ψ k , e k µ , φ A } as the set of independent field variables [7, 24] . For this choice, almost the same statements as in {1} hold, and the the total energymomentum and total angular momentum are obtained only by using densities which are not tensor densities. The irreducible components t klm , v k and a k of T klm are defined by the following:
where the symbol ε klmn stands for completely anti-symmetric Lorentz tensor with ε (0)(1)(2)(3) = −1 [26] . The irreducible components A klmn , B klmn , C klmn , E kl , I kl , R of R klmn are defined by the following: 
